Objectives: We compared strategies and costs associated with recruiting unmarried middle-aged and older women who partner with women (WPW) and women who partner with men (WPM) into an observational study about experiences with cancer screening. Methods: We used targeted and respondent-driven sampling methods to recruit potential participants. Comparable recruitment strategies were used for WPW and WPM.
Introduction
Since the 1994 NIH mandate for more diversity in research populations (1) , the number of studies about strategies and costs associated with recruiting hard-toreach, underserved populations has increased. The majority of these studies have focused on strategies for enrollment of racial and ethnic minorities (2) , and focused on recruitment related to particular disease conditions. Fewer studies have focused on individuals without a specific health condition. Individuals with a particular health condition may have different motivations to participate than healthy individuals. Finally, most published recruitment information is from largescale clinical trials or intervention studies. Implementation of findings from these studies is often impractical for observational research efforts with more limited budgets.
Sexual minority (e.g., lesbian and bisexual) women are an important segment of the unmarried female population and represent another difficult-to-reach minority population (3) . Sexual minority women may be living in committed relationships comparable with married heterosexual couples but are unable to legally marry in any state except Massachusetts. The proportion of women who identify as a sexual minority is assumed to be low. In a national, random probability sample, Laumann and colleagues (4) reported 0.9% of respondents identified as lesbian, 0.5% identified as bisexual, and 4.3% reported having sex with a woman sometime in their lifetime. Population prevalence estimates of middle-aged and older sexual minority women range from 1% to 5% in large community-and population-based studies (5) (6) (7) .
Small-scale studies suggest that sexual minority women use fewer cancer screening services than their heterosexual counterparts and may be at higher risk for cancer (8, 9) . Larger sample sizes are needed to compare sexual minority women to heterosexual women to fully assess the extent of health disparities based on sexual orientation. Unfortunately, to date, quantification of cancer-related disparities is lacking because the majority of studies about cancer detection and control have not collected sexual orientation data. Further, many previous studies focusing on sexual minority women have had study design limitations. For example, some studies were limited by selection bias because participants were recruited through lesbian community organizations or at events targeting the lesbian, gay, bisexual, and transgender community (10) (11) (12) and were not likely representative of the sexual minority population. Second, although some studies of cancer risk factors have matched sexual minority women with a heterosexual sister (9, 13) , other studies have lacked comparison groups (14, 15) . Therefore, it was difficult to assess the experiences of sexual minority women relative to other groups of women. Similar to racial and ethnic minorities, increased representation of sexual minorities would allow sufficient sample sizes for comparative and minority-specific analyses as well as increased generalizability of study findings (2) .
The ideal approach to produce a representative sample of sexual minority women is to draw from a list of population members where minority status is known for all entries on the sampling frame (16) . Unfortunately, such a list is not available. Furthermore, sexual minority women are a hidden population; identification of sexual minority status requires self-disclosure and women may be reluctant to disclose their sexual orientation because of risks involved.
Another approach is to add questions about sexual orientation to large-scale surveys to produce a sample of the population of interest (17) . In 1999, the Institute of Medicine recommended this approach to obtain samples of sexual minority women (3). Measures of sexual orientation have recently been included in some population-based surveys (18, 19) . However, these surveys have not asked questions about sexual orientation of the oldest respondents. Large surveys specifically focusing on women such as the Women's Health Initiative (5) and the Nurses Health Study (6) have included questions about sexual orientation. However, older sexual minority women may be underrepresented in these large-scale studies because older adults are less likely than younger individuals to respond to questions about sexual orientation (20) .
In the absence of large representative samples, there are at least three alternative sampling strategies for hard-to-reach minority groups. One option is to use area-based sampling frames where households are sampled within geographic areas that have high concentrations of the minority of interest (21, 22) . However, the cost of this approach can be particularly prohibitive in areas where residential distributions of unmarried women are diffuse and there are lower concentrations of sexual minorities.
A second option is targeted sampling in settings where the population of interest gather (23, 24) . Participants are recruited at sites identified by ethnographic mapping, ensuring that respondents from different areas appear in the final sample. The adequacy of a targeted sample depends on the accuracy and comprehensiveness of the ethnographic mapping. Unfortunately, information needed for the mapping is often only obtained during actual recruitment of participants (24) . Furthermore, members of the population that do not gather at the identified settings are not represented.
A third option is chain-referral methods. Using this strategy, a few ''seed'' participants are asked to recruit other eligible persons from their social networks. Unfortunately, these samples tend to be biased toward more cooperative persons (25) . Furthermore, ethical considerations limit the practice of asking seed respondents for the contact information of network members. Alternatively, using respondent-driven approaches (25) , participants are asked to inform network members about the study. Network members are then included if they take the initiative of contacting research staff.
The Cancer Screening Project for Women was a survey project about the experiences of unmarried women with breast, cervical, and colorectal cancer examinations. The designation of ''unmarried'' refers to women who were legally separated, divorced, widowed, or never married. A primary objective was to compare the experiences of heterosexual and sexual minority women. We used principles of targeted and respondent-driven sampling techniques to enroll at least 600 sexual minority and heterosexual women, providing an ideal context to evaluate the strategies and costs for recruiting comparably aged unmarried women. We present results of an evaluation of six recruitment methods in terms of yield, staff time allocation, cost, and sample characteristics. To our knowledge, there have been no studies to date about the expected yield and costs for recruiting sexual minority women for research studies.
Materials and Methods
Overview of the Cancer Screening Project for Women. The aims of the Cancer Screening Project for Women were to (a) evaluate survey protocols for collecting data about cancer-related attitudes and practices among unmarried sexual minority and majority women; and (b) determine factors that influence breast, cervical, and colorectal examinations among unmarried women. Women were eligible if they were not currently legally married, were ages 40 to 75 years, received the majority of their health care in Rhode Island, and had never been diagnosed with cancer other than nonmelanoma skin cancer. The project was approved by the University Institutional Review Board.
Study participation involved a baseline assessment followed by a reliability assessment collected 4 to 8 weeks later. Women were randomly assigned to one of three data collection protocols: (a) A 28-page booklet-form baseline self-administered mailed questionnaire with a 24-page questionnaire at follow-up; (b) a 35 to 40 min baseline computer-assisted telephone interview with a 15 to 20 min follow-up interview; and (c) a baseline and follow-up computer-assisted self-interviews completed either on laptops provided by research staff at locations chosen by the study or by a mailed computer-disk that included the computer-assisted self-interview program. The lengths of the computer-assisted self-interview assessments were comparable with computer-assisted telephone interviews. Participants were compensated $10 per assessment. and methods of recruitment and perceived comfort levels with specific vocabulary related to sexual orientation. The consensus among community leaders was to avoid using labels of heterosexual, homosexual, lesbian, or sexual minority. Instead, they recommended the terminology of women who partner with men (WPM), women who partner with women (WPW), and women who partner with both women and men (WPWM). This terminology was used exclusively in all subsequent recruitment messages.
Four part-time research staff were responsible for participant recruitment and enrollment. Research staff (two WPW and two WPM) were comparably aged women representative of potential participants. With assistance from the community leaders, staff identified recruitment strategies that were classified into six methods for analysis: Potential participants were provided a brief overview of the study and ways to contact study staff. Interested women responded by returning prepaid reply cards, calling a toll-free number, or sending a message to a dedicated, study e-mail account.
Data. All potential participants were first asked, ''Can you tell me where you heard about the project?'' Research staff noted all recruitment methods mentioned. Next, as part of eligibility screening, women were asked their marital status, followed by the gender of a current partner or gender preference of a partner if they were not currently in a relationship (hereafter referred to as partner gender). Women were then allocated into one of six marital status/partner gender strata: (a) never married women who partner with women (WPW) or with either women or men (WPWM) (hereafter referred to as WPW); (b) previously married WPW (includes WPWM); (c) never married women who partner with men (WPM); (d) previously married WPM; (e) never married women with no partner preference; and (f) previously married women with no partner preference. Strata e and f included never married and previously married women who reported no current interest in having a partner and refused to select the gender of a potential future partner. Research staff entered eligibility screening information into a recruitment database and each case was assigned a code that reflected the recruitment method identified by the potential participant. This allowed us to compare our recruitment experiences for sexual minority (WPW) to those for sexual majority (WPM) women.
Analysis. We allocated data into one of six recruitment methods and four marital status -partner gender strata. For the six women (0.8%) who indicated hearing about the study from more than one source, we used the first recruitment method mentioned. We then conducted our analyses in seven phases. First, we calculated the yield of each recruitment method as the proportion of women contacted by the method who subsequently enrolled. Yield provided a measure of the number of women needed to be screened for eligibility to gain a participant. This measure of yield included only those who made contact with our study team. It was impossible for us to determine the total number of women exposed to our recruitment messages for all types of recruitment (e.g., an unknown number of women viewed flyers). Second, staff time allocation measured the amount of staff resources devoted to recruiting participants through a particular method. It was assessed by two calculations: (a) percent of total staff time spent on each recruitment method and (b) staff time spent in recruitment per participant enrolled. Third, we computed cost per participant enrolled by recruitment method. Fourth, using data collected from the baseline questionnaire, we compared selected demographic characteristics of study participants by recruitment method. Fifth, we compared selected demographic characteristics by partner gender. Sixth, we conducted one-way sensitivity analyses (27) (28) (29) to examine how changes in the mix of recruitment methods affected overall study yield, staff time allocation, and costs. Finally, we conducted one-way sensitivity analyses for the following cost model inputs: indirect rate, labor costs, supervision levels, and recruitment yield.
Costs of recruitment were estimated using a two-step microcosting method (28) (29) (30) and are presented from the perspective of a researcher. We do not account for costs to other parties such as participants.
Microcosting: Step 1. Because the majority of costs associated with recruitment involved personnel, in the first step, we allocated personnel costs to each recruitment method based on staff time (in minutes) spent in each recruitment activity. This component of microcosting involved process mapping of the recruitment activities, tracking of staff time, and record keeping of individual contacts (28) (29) (30) (31) . Process mapping provided a list of subcomponent activities that were involved in each activity (e.g., preparatory tasks, travel, on-site tasks). For example, for Community Events and Health Fairs, the amount of time preparing for, traveling to, and attending the event were recorded.
Based on type of recruitment activity or known information about the recruitment setting, staff estimated the proportion of recruitment time spent per month with women from each marital status -partner gender stratum. For example, staff noted the amount of time spent: preparing letters to a list of Catholic nuns (never married WPM); attending a support group for previously widowed women (previously married WPM); or participating in events with a gay and lesbian senior organization (never married and previously married WPW). As much as possible, staff attempted to determine the marital status and/or partner gender of ageeligible women at a recruitment event. If this information was unavailable (e.g., public events such as health fairs), we allocated the proportion of contact time with potential participants to marital status -partner gender strata based on best estimates using Census data of the age-eligible unmarried female population and unmarried same-sex partner households in Rhode Island, with an additional assumption that 10% of contacted women were ineligible: 5% never married WPW, 10% previously married WPW, 15% never married WPM, 60% previously married WPM, and 10% ineligible (32, 33) .
For participants who reported learning about the study through personal networks or other unknown sources, we applied a set of assumptions regarding staff time. To estimate time in personal network recruitment, staff estimated the time that they spent per month in personal activities not directly associated with recruitment but during which information about the study was discussed. This time was then allocated to one or more of the partner gender strata based on information about the social network. For example, staff noted the partner gender strata of friends and acquaintances with whom they described the study while engaged in social activities. To estimate the intensity of resources for women who could not specify the recruitment source, we applied a weighted average of total time devoted to all other recruitment activities, assuming that this unknown source of information would approximate the level of resources for all other women combined.
We calculated personnel costs as the sum of costs of direct staff time with potential participants, administrative costs, and supervision costs. Personnel costs were then estimated by recruitment type based on detailed records of time spent across each. We estimated administrative and supervision time as 20% and 15%, respectively of every hour of direct contact with potential participants. Personnel costs were based on staff salaries of $28.00 per hour plus a 30% fringe rate and a supervisor salary of $40.00 per hour plus 30% fringe (34, 35) . The salary estimate of $28.00 per hour is at the 100th percentile of Bureau of Labor Statistics national wage estimates for a social science research assistant in 2005. We used budget records to estimate all other direct costs associated with recruitment including travel, advertising, event fees, office supplies, postage and mailing, printing, and telephone charges.
Microcosting:
Step 2. In the second step of microcosting, we assigned other nonpersonnel direct costs to each recruitment method based on specific expenditures. These direct costs were either assigned by recruitment type (e.g., advertising in targeted publications) or allocated by proportion of time devoted to each recruitment method. We then added personnel costs and other direct costs together, allocated the total direct costs into the partner gender strata, and computed costs per participant enrolled.
Consistent with recommendations for cost-effectiveness analyses (28), we conducted a series of sensitivity analyses in which we varied our cost-model assumptions. Our goal was to inform other studies that may be considering similar recruitment methods but face different resource costs or recruitment-strategy choices. First, we addressed how much the overall average costs would vary if the mix of recruitment methods changed. We recalculated the average cost models multiple times, each time removing one of the recruitment methods and then examining the average yield and cost for the combined remaining methods. Second, we conducted sensitivity analyses across a set of key cost model variables (see Table 5 for variable list). Each variable was changed to an alternate value and the cost model was recomputed. Overhead rates as a proportion of direct costs vary by institution so we examined a lower and higher rate than we used in the original cost models. Salaries were varied across the range reported by the Bureau of Labor Statistics for research assistants. We varied staff time dedicated to nonparticipant-specific administrative tasks associated with recruitment to account for differences in administrative structures across institutions. Next, we examined the effect of changes in amount of supervisor oversight on total recruitment costs. Next, we recalculated the cost model assuming a 20% lower yield for all recruitment strategies. Finally, we replicated the analyses removing the six women who indicated hearing about the study from more than one source.
Results
We recruited participants for 25 months from June 1, 2003, through June 30, 2005 . There was an average of eight recruitment activities per month with an enrollment average of 25 women per month into the study. We obtained contact information for 773 women of whom 630 were enrolled: 144 never married WPW, 69 previously married WPW, 158 never married WPM, and 236 previously married WPM. Eighteen never married and five previously married women reported that they were not interested in partnering in the future and refused to select the gender of a potential future partner. These 23 women were comparable with WPM on demographic characteristics and included in the WPM strata for all analyses. Of the 143 women who were not enrolled, 60.8% (n = 87) were ineligible, 36.3% (n = 52) were unable to be contacted or refused contact, and 2.8% (n = 4) were not interested in participation. Characteristics of recruitment methods are shown in Table 1 .
Yield. Mailings/Flyers, Community Events, and Personal Networks produced the largest absolute numbers of respondents with contact information available. However, Print Media produced the highest total yield ( We spent 80 min on average recruiting women for whom contact information was available and 100 min per woman enrolled (Table 1 , Section B). Overall, we spent 95 min per WPW enrolled, with an average of 60 and 170 min for never married WPW and previously married WPW, respectively. Similarly, 100 min were spent on average recruiting WPM. Of this, 60 and 125 min were spent recruiting never married and previously married WPM, respectively. However, the amount of time spent in recruitment activities varied substantially by recruitment method. We spent an average of 10 and 15 min per WPW and WPM, respectively, using Print Media. Alternatively, we averaged 355 and 260 min per WPW and WPM, respectively, for Community Events.
Cost. As shown in Table 1 , Section C, the cost was about $100 per woman contacted, whereas the cost was $120 per participant enrolled. Costs for WPW were about $30 higher per participant than for WPM, a result of the high costs associated with recruiting previously married WPW ($235 per participant). The cost per participant recruited was lowest for Print Media followed by Personal Networks. For WPW, costs for all other recruitment methods were at least $200 per participant enrolled. For WPM, only the costs for Community Events exceeded $200.
Participant Characteristics. Characteristics of study participants by recruitment method are shown in Table 2 . The average age was 53.1 years (range 40-75 years). Younger women were more likely to be recruited using Print Media and Personal Networks. Compared with other methods, women with a high school degree or less, a household income of less than $30,000, self-rated Hispanic ethnicity, or a self-reported disability were most likely to be recruited at Community Events. Alternatively, those with at least a college degree, employed, a household income of $75,000 or more, or self-reported White race were more likely to be recruited through Print Media or Personal Networks. Women who self-reported a non-White racial group were most likely to be recruited at Community Events and Health Fairs. Characteristics of study participants by partner gender are shown in Table 3 . WPW were more likely to be younger, have more than a high school degree, be employed, report a household income of $75,000 or more, and have health insurance. In contrast, WPM were more likely to live alone, identify as a racial minority, and have a self-reported disability.
Sensitivity Analyses. Table 4 shows results of the sensitivity analyses of average yield and cost. Overall, the average yield was 82% and the average cost per participant was $100. All other factors being constant, if Print Media had not been used, the average yield would have been 78% and the average cost would have been $115 per participant. Alternatively, without Community Events, the average yield and cost would have been 84% and $70 per participant, respectively. Table 5 presents results of the sensitivity analyses of costs per participant by marital status -partner gender strata. Total observed costs for all participants enrolled varied from $160 with a 35% indirect cost rate to $185 NOTE: All characteristics differ significantly (P < 0.05) by recruitment method except for health insurance status. All participant characteristics except age were assessed at baseline and are not available for 25 women who did not complete the baseline questionnaire. Additional missing data for individual items included education (n = 3); household size (n = 4); income (n = 6) employment, ethnicity, insurance (n = 7); disability (n = 8); and race (n = 9).
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with a 55% indirect cost rate. When we reduced staff salaries to $20.00, $16.00, and $12.50, per hour, direct costs for all participants enrolled were lowered by $20, $30, and $40 per participant, respectively. Increasing administrative time from 20% to 50% of direct participant contact raised direct costs per participant enrolled by $5 on average. Increasing supervision from 15% to 30% of direct participant contact raised direct costs by $10 per participant enrolled. Direct costs per participant increased by $60 for previously married WPW but $30 or less for all other strata, assuming a 20% reduction in yield.
Results did not differ when we replicated the analyses after removing the six women who reported hearing about the study from more than one recruitment source (data not shown).
Discussion
This is one of the first studies to describe strategies and costs associated with recruiting unmarried middle-aged and older sexual minority and heterosexual women. It contributes to other published reports documenting recruitment methods associated with an observational rather than clinical trial or intervention study. Key features of our success included collaboration with key community leaders, knowledgeable and respected research staff, and readiness to adopt new recruitment strategies as opportunities arose.
Cost-effective recruitment strategies are essential in a climate of increasing funding constraints. Our total direct recruitment costs were $120 per participant enrolled. This is comparable with costs of $113 per participant screened for eligibility reported for a cross-sectional interview study of racial and ethnic minority women's preferences regarding tamoxifen use for primary prevention of breast cancer (36) . Alternatively, our costs were lower than the $145 per participant enrolled for Black women recruited to focus groups about screening examinations for cervical cancer (37) . Other studies describing costs generally reported amounts comparable with our data for WPW ($143-$439 per participant). However, these were clinical trials or intervention studies with more demanding protocols, requiring significantly more commitment from participants (38) (39) (40) .
Overall, our costs were about $30 higher per participant to recruit WPW than WPM. However, differences in average costs by marital status -partner gender strata varied dramatically depending on recruitment method. Most of these differences can be explained by smaller numbers of WPW relative to WPM enrolled by each method.
Similar to other studies (41-45), we found that Print Media resulted in the highest yield of participants (98.5%) overall and had the lowest associated costs ($15 per participant enrolled). Seeing the study in print may have provided credibility to the project and reassured potential participants that the research was legitimate. Because of limited staff responsibilities, only 2% of total recruitment time were spent in preparation of these print materials (average of 10 min per participant). Print Media activities included several newspaper reports and press releases that were not paid for by the study. Therefore, other than paid advertisements, direct costs for Print Media were low. However, women recruited through Print Media were younger, predominantly White, well educated, employed, and with higher incomes. Personal network recruitment resulted in the second highest yield (93.8%) with modest associated costs ($60 per participant enrolled). Other studies, particularly focused on recruitment of racial and ethnic minorities, have also shown success using research staff and participant referrals (37, 42, (46) (47) (48) . We are unaware of other studies that have used comparable methods to estimate research staff time for network recruitment. We employed members of the target population to gain community trust and legitimacy. Therefore, when calculating staff time allocation and cost, we used an approach that acknowledged that staff may interact with potential participants outside of employment-related responsibilities. Our results are consistent with others that have found that having research staff with ties in the community is important for establishing trust. However, it is unclear the extent to which our analytic approach affected the generalizability of the findings. It is likely that any bias, if present, was stronger for WPW than WPM because the sexual minority community is smaller, with members more well known to each other.
There were high costs associated with recruitment at Community Events for both WPW ($490) and WPM ($275). The cost per participant was at least $200 within each of the four marital status -partner gender strata. The majority of these costs were associated with personnel time. Similar to Tarlow and colleagues (43), we found that community-based groups frequently had small memberships and less than half of members regularly attended meetings. Therefore, group leaders' estimates of potential participants were often unreliable, and substantial staff time was spent at events with very small yield. However, women who were recruited from community events were more likely to be older, a member of a minority group, with lower incomes, and with a self-reported disability. This is comparable with other studies that documented higher yields of racial and ethnic participants when face-to-face contact methods were used (37, 46, (48) (49) (50) (51) (52) .
Costs associated with mailings and flyers were reasonable ($60 per participant) for recruiting WPM. This was partially due to the availability of a directory of Catholic nuns (never married WPM), which we used to target direct mailings. Conversely, the average per participant cost for mailings and flyers for WPW was $360. Unlike some areas such as Boston, Chicago, and San Francisco, Rhode Island has no distinct neighborhoods that include higher proportions of sexual minority women. Consequently, we found no convenient distribution channels for targeting WPW with flyers or mailings, making these methods very labor-intensive and costly. Direct mass mailings have been shown to be effective in recruiting participants in other studies (38, 46, 48, (53) (54) (55) (56) (57) (58) (59) . We bought a mailing list of Rhode Island home owners, requesting the names and addresses of unmarried age-eligible women. In addition to the sample bias (i.e., only home owners), the response rate to this mailing was only 2.3% (18 of 796) and only 14 of the 18 women who responded were eligible to participate. Furthermore, 9.2% (73 of 796) of the mailings were returned as nondeliverable because of incorrect addresses or no forwarding information. Concerns about individual privacy prohibited other types of direct mass mailings such as from the Department of Motor Vehicles, voter registration lists, or magazine subscriptions. Therefore, our experiences suggest that commercial mailing lists are not reasonable approaches for recruiting middle-aged and older unmarried women.
This study has limitations. First, our sample was restricted to one geographic area. Findings would likely differ in areas with substantially different proportions of unmarried middle-aged and older women. Second, because of sample size, it was not feasible to separate WPWM and WPW. Third, our category of Community Events covered many disparate activities. The mix of events provided an appropriate representation of activities involving unmarried women, but findings may have differed with a different combination of activities, or if we had classified the activities into more homogeneous categories.
Although we presented the evaluation of each recruitment method separately, in practice, women may have been exposed to more than one approach. Our analytic technique likely overestimated the effect of any single recruitment method and underestimated the costs involved. Although less than 1% of our participants reported learning about the study from more than one source, there could have been an interaction between methods. For example, we identified the method that ultimately prompted participants to contact the research team, but they could have heard about the study through other methods before deciding to participate. The small percentage of women reporting more than one recruitment source also may have been due to question wording. We recommend that future investigators use an approach, such as that by Schoenfeld and colleagues (42) , in which participants were asked how they first learned about the study, where else they might have heard about the study, and which of all the mentioned sources specifically led them to contact the study.
Despite study limitations, our data provide important information about staff time allocation and sample yield of recruitment methods for unmarried middle-aged and older sexual minority and heterosexual women. Our results show tradeoffs between intensity of staff resources, cost, and diversity of the samples recruited. Methods that required the least staff time resulted in the most homogeneous samples. Alternatively, women most at risk for being underrepresented in research were recruited by methods requiring the most personnel time. Our findings highlight the need for a comprehensive strategy that uses multiple recruitment methods to ensure diversity of research participants. Finally, cost data, such as that presented here, are critical for developing appropriate budget projections for future observational studies.
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